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pH dependence of Na/myo-inositol cotransporters in rat thick During antidiuresis, renal medullary cells maintain their
limb cells. volume constant despite a hypertonic environment, re-
Background. To balance medullary interstitium hypertonic- sulting from interstitial accumulation of NaCl due to uri-ity generated by transepithelial NaCl absorption, medullary thick
nary concentrating mechanisms. Extracellular hyperto-ascending limb (MTAL) cells accumulate myo-inositol (MI).
nicity is balanced by intracellular accumulation of smallExpression of Na-MI cotransporter (SMIT) mRNA in TAL
is correlated with the NaCl absorption rate. Our present study organic solutes, termed compatible osmolytes [1, 2]. Un-
aimed to determine the plasma membrane location and func- like electrolytes, organic osmolytes such as myo-inositol
tional properties of the Na-MI cotransporter in MTAL cells. (MI), sorbitol, glycerophosphorylcholine, and betaine doMethods. Preparation of basolateral (BLMV) and luminal
not perturb cell enzyme and macromolecule functions.(LMV) membrane vesicles were simultaneously isolated from
The importance of compatible osmolytes is highlightedpurified rat MTAL suspension, and uptake of [3H]myo-inositol
([3H]MI) was used to assess Na-MI cotransport activity. by the observation that an accumulation of osmolytes is
Results. In the presence of an inside-negative membrane important for growth and survival of renal medullary
potential, imposing an inwardly-directed Na-gradient versus cells cultured in hypertonic medium [3], and that inhibi-tetramethylammonium (TMA) stimulated the initial [3H]MI
tion of MI transport in rat induces acute renal failureuptake in BLMV and LMV. Phlorizin inhibited Na gradient-
with predominant injury of thick ascending limb (TAL)dependent initial [3H]MI uptake in both preparations, with IC50
values of 565 and 29 mol/L in BLMV and LMV, respectively. cells [4, 5].
2-0,C-methylene myo-inositol (MMI), a competitive inhibitor In the antidiuresis state, MI is the major organic osmo-
of MI transport, only inhibited the BLMV Na-MI cotrans- lyte that accumulates at high levels in the rat renal outerporter. Phlorizin-sensitive Na gradient-dependent initial [3H]MI
medulla [6]. MI taken up by tubule cells originates fromuptake showed Michaelis-Menten kinetics in both preparations,
both dietary intake and synthesis from d-glucose [2]. Awith similar Vmax but different Km values of 51 and 107 mol/L
in BLMV and LMV, respectively. Finally, BLMV but not LMV cDNA encoding a Na-MI cotransporter (SMIT) has been
Na-MI cotransporter exhibited a marked pH dependence with isolated from Madin-Darby canine kidney (MDCK) cells,
sigmoidal patterns of activation, as intravesicular pH (pHi) was using the expression in Xenopus oocytes [7]. A recentdecreased from 8.0 to 6.0 at extravesicular pH (pHe) 8.0, and in situ hybridization study in rats has shown that SMITas pHe was increased from 6.0 to 8.0 at pHi 6.0. Maximal activa-
mRNA is predominantly expressed in TAL (medullarytion was observed at pHi 6.5 and pHe 7.5.
Conclusions. In rat MTAL cells, Na-MI cotransporter ac- and cortical segments) and in inner medullary collecting
tivity is present in both BLM and LM, and has markedly differ- duct cells [8].
ent functional properties, indicating the presence of distinct The response of SMIT to hypertonicity has beentransporters. Basolateral Na-MI cotransporter activity is max-
studied in the MDCK cell line. When cultured in a me-imal at physiological pH values of MTAL cells and interstitium,
dium made hypertonic by adding NaCl or raffinose, theseand a powerful modulation of the transporter activity may be
exerted by pHe and pHi. cells accumulate MI by increasing uptake predominantly
across the basolateral membrane, via an increase in SMIT
maximal velocity (Vmax) together with an increased SMITKey words: hypertonicity, medullary thick ascending limbs, basolateral
mRNA transcription [9–11]. Conversely, when hyper-membrane, luminal membrane vesicles, diuresis, organic osmolytes,
renal medullary cells. tonic medium is switched to isotonic solution, a rapid
efflux across the basolateral membrane occurs togetherReceived for publication January 21, 2002
with a progressive decline of SMIT transport activity toand in revised form June 14, 2002
Accepted for publication July 31, 2002 basal level [12]. The role of SMIT in the kidney outer
medulla also has been studied in vivo. In rats dehydrated 2002 by the International Society of Nephrology
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by three days of water-deprivation, the MI content and Isolation of plasma membranes
SMIT mRNA abundance increase in the outer medulla Luminal (LMV) and basolateral (BLMV) membrane
when compared to hydrated animals [13]. Moreover, vesicles were isolated simultaneously from purified rat
NaCl loading, which increases NaCl absorption in MTAL, MTAL suspension by a combination of Ca2 aggrega-
rapidly increases SMIT mRNA abundance in the TAL; tion, differential and density gradient centrifugations, as
conversely, furosemide administration, which inhibits described previously in detail [19]. We have established
NaCl absorption, reduces SMIT mRNA abundance [8] and that the BLMV and LMV preparations have a right-
decreases the MI content in outer medulla [14]. Taken side-out orientation [21]. Compared with the homoge-
nate, the basolateral membrane fractions were enrichedtogether, these results support a role for interstitial med-
ninefold in the basolateral marker Na,K-ATPase ac-ullary hyperosmolality in the activation of SMIT to main-
tivity and only twofold in the apical membrane markertain TAL cell volume.
-glutamyltransferase activity, whereas the luminal mem-A recent study using a TAL cell line derived from rab-
brane fractions were de-enriched in Na,K-ATPasebit outer medulla suggests the presence of Na-dependent
(enrichment factor of 0.8) and markedly enriched inMI uptake mainly at the apical side [15]. However, sub-
-glutamyltransferase (enrichment factor of 21). Thesecellular localization and functional properties of Na-
enzymatic assays are consistent with immunoblot analy-MI cotransporter in native TAL cells remain unsettled.
sis of apical membrane proteins such as H-ATPase [22],The present study thus was designed first to localize the
the Na/H exchanger type 3 (NHE-3) [23], and basolat-Na-MI cotransporter activity in intact MTAL cells by
eral membrane proteins such as 1- and -subunits ofusing a preparation of basolateral (BLMV) and luminal
the Na,K-ATPase [22, 23] and the Na/H exchanger(LMV) membrane vesicles isolated from purified rat
type 1 (NHE-1) [19]. Although a small amount of apicalMTAL suspension. Second, we tested the effects of selec-
membrane proteins could be detected in basolateral
tive variations in extra- and intravesicular pH on Na-MI membrane vesicles, previous functional studies demon-
cotransporter activity. Indeed, physiological variations strated that MTAL basolateral and luminal membrane
in the MTAL transport rate of NaCl via apical Na/ transport properties are largely separated from each
K(NH4)/2Cl and variations in medullary interstitium other. Indeed, we demonstrated polarized functional ex-
osmolality are associated with changes in MTAL cell pression of several plasma membrane transporters of the
and/or interstitial pH [16–18]. MTAL such as the apical Na/K/2Cl cotransporter
(BSC1) [24], the basolateral H-lactate cotransporter
(MCT2) [23], an apical H-independent organic anionMETHODS
exchanger [23], and the basolateral Cl/HCO3 exchanger
Preparation of MTAL tubules AE2 [22].
The tubule isolation procedure was similar to that pre-
Transport measurementsviously described [19]. Male Sprague-Dawley rats weigh-
Transport assays were performed after overnight stor-ing 250 to 300 g were anesthetized with pentobarbital
age of vesicles at 85C. Uptake of [3H]myo-inositolsodium. Kidneys were removed quickly, decapsulated and
([3H]MI) into the membrane vesicles was assayed at 20 tosliced sagitally. Slices were transferred in ice-cold hyper-
25C by a rapid-filtration technique. Membrane vesiclestonic Hank’s modified medium (360 mOsm/kg H2O),
were pre-equilibrated at room temperature for two hoursgassed with 95% O2-5% CO2, containing (in mmol/L):
to load with desired constituents. For each experiment,142 NaCl, 4 KCl, 25 NaHCO3, 0.3 Na2HPO4, 0.4 KH2PO4,
the specific conditions are given in the Figure legends.0.5 MgSO4, 1.2 CaCl2, 5 glucose, 5 l-leucine, 0.18 myo-
In general, a 20 L aliquot of either BLMV or LMV (10inositol, 10 HEPES, pH 7.4, and 1% bovine serum albu-
to 40 g protein) was added to 100 L of the appropriatemin (BSA). The inner stripe of the outer medulla was
reaction medium containing 1 Ci/mL of [3H]MI. Incu-carefully excised under stereomicroscopic control and the
bation periods of 9 seconds were timed with a metro-resulting tissue was subjected to collagenase treatment.
nome and used to approximate initial rates of MI uptake.
In the final suspensions, most of the tubules (95%) The reaction was stopped with 1.4 mL ice-cold stop solu-
proved to be MTAL in origin, based on immunofluores- tion containing 20 mmol/L Tris-HEPES pH 7.40 and the
cence staining with Tamm-Horsfall, a specific marker for desired potassium gluconate concentration to maintain
the thick ascending limb [19]. Moreover, we were un- constant osmolarity. This suspension was rapidly filtered
able to detect significant maltase activity, a marker of on a 0.45-m prewetted Millipore cellulose filter (HAWP)
the proximal tubule brush-border membrane, in homog- and washed with an additional 16 mL of the same ice-
enates from the MTAL suspensions, thus excluding cold stop solution. The filters were dissolved in 3 mL of
significant contamination of the starting material with scintillant (Filter-count; Packard Instruments, Downer’s
tubule segments from the outer stripe of the outer me- Grove, IL, USA), and radioactivity was determined us-
ing a -scintillation counter. In all experiments, vesicledulla [20].
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uptake was corrected for nonspecific isotopic binding to
the filter. Uptake of 22Na into the membrane vesicles
was assayed at 20 to 25C by the same rapid-filtration
technique.
Statistical methods
All data are represented as the mean 	 SE. Compari-
son between groups was generally carried out by the
Student t test. Equations were calculated using Prism 3.0
(GraphPad Software). Comparison of curves was as-
sessed by the F test. For all analyses, statistical signifi-
cance was accepted as P 
 0.05.
Materials
[3H]myo-inositol and 22Na was obtained from New Fig. 1. Time-course of [3H]myo–inositol ([3H]MI) uptake by basolat-
eral (BLMV) and luminal (LMV) membrane vesicles in the presenceEngland Nuclear (Boston, MA, USA). Myo-inositol, phlo-
of the Na gradient. Vesicles were preincubated for two hours with arizin, 2-O,C-methylene-myo-inositol (MMI), was obtained medium consisting of (in mmol/L) 50 mannitol, 3 egtazic acid (EGTA),
from Sigma-Aldrich (Saint Quentin Fallavier, France). 100 potassium gluconate, 200 Tris-HEPES pH 7.0, in the presence of
valinomycin (10 g/mg protein). [3H]MI (0.5 mol/L MI) uptake was
then assayed in function of time by diluting BLMV (A) or LMV (B)
1:6 into a buffer consisting of (in mmol/L): 50 mannitol, 3 EGTA, 100RESULTS
sodium gluconate, and 200 Tris-HEPES pH 7.0 (); or 50 mannitol, 3
Effects of the Na gradient on [3H]MI uptake by EGTA, 100 tetramethylammonium (TMA) gluconate, and 200 Tris-
HEPES pH 7.0 (). Values are means 	 SE of 6 determinations forBLMV and LMV
2 different BLMV and LMV preparations. Where the SE bar is not
Studies have established that the cloned renal Na- shown, it was smaller than the symbols.
MI cotransporter, SMIT, expressed in Xenopus oocytes
transports MI in a voltage dependent manner (two Na
ions are transported per molecule of MI) [25]. An initial the absence of MI, imposing an inside-negative voltage
rate of 8 mol/L [3H]MI uptake was measured in BLMV (Ki Ko 100: 16 mmol/L in the presence of valinomycin)
and LMV in the presence of both inside negative voltage markedly stimulated the initial rate of 22Na uptake in
(outwardly-directed 100 mmol/L K-gradient in the pres- LMV, compared with voltage-clamped conditions (Ki 
ence of valinomycin) and 100 mmol/L inwardly-directed Ko  100 mmol/L plus valinomycin): 11.2 	 1.9 versus
Na gradient versus tetramethylammonium (TMA). In 4.7 	 1.0 pmol/mg protein/9 seconds, respectively (N 
BLMV compared with the Na free (TMA) condition, 9 in 3 experiments, P 
 0.02). However, we were un-
the inward Na gradient markedly stimulated (sixfold) able to block Na entry in LMV by using the amiloride
the initial rate of MI uptake (0.652 	 0.05 vs. 0.100 	 derivative benzamil, a well-known inhibitor of selective
0.021 pmol/mg protein/9 s, N  6 in 2 experiments, P 
 Na channels, gadolinium and flufenamic acid, two com-
0.0001). In LMV compared with Na free condition, the pounds reported to block some non-selective cation
inward Na gradient also stimulated (3-fold) the initial channels (data not shown) [26].
rate of MI uptake (0.230 	 0.027 vs. 0.073 	 0.032
Effects of phlorizin on Na-dependent [3H]MI initialpmol/mg protein/9 s, N  6 in 2 experiments, P 
 0.01).
uptake in BLMV and LMVFigure 1 shows the time course of [3H]MI uptake in
BLMV (Fig. 1A) and LMV (Fig. 1B) under the same Since phlorizin inhibited SMIT expressed in Xenopus
conditions. In BLMV, [3H]MI uptake progressively in- oocytes with a Ki value between 64 and 130 mol/L [25],
creased to reach a peak value at five minutes (27 times the effects of phlorizin on [3H]MI initial uptake were
greater) and then decreased. The peak of [3H]MI uptake tested in BLMV and LMV. Figure 2 shows that Na-
(overshoot) was 1.75 times greater than equilibrium dependent [3H]MI initial uptakes in BLMV and LMV
value measured at five hours. In LMV, imposing similar were inhibited by phlorizin in a dose-dependent manner.
voltage and Na-gradient induced a lower increase of The Ki phlorizin value was higher in BLMV than in
[3H]MI uptake, reaching a three to four times greater LMV, 565 versus 29 mol/L, respectively (P 
 0.001).
value than in the absence of Na, but the [3H]MI uptake
Effects of increasing MI concentrations onat five minutes remained lower than the equilibrium
Na-dependent [3H]MI initial uptake invalue at five hours. The absence of overshoot in LMV
BLMV and LMVmay be explained by the presence of Na conductive
pathway in these membranes, which could have dissi- Figure 3 compares the effects of increasing the external
MI concentration on the Na gradient-dependent initialpated the driving force for [3H]MI uptake. Indeed, in
Eladari et al: Myo-inositol transporter in MTAL 2147
extravesicular pH (pHe) effect was tested by varying the
pHe from 6.0 to 8.0 with the intravesicular (pHi) value
fixed at 6.0 (Fig. 4A). The initial rate of Na-dependent
[3H]MI influx in BLMV displayed a sigmoidal pattern
of activation, as the pHe value increased from 6.0 to 8.0.
A Dixon plot of the data from pHe 6.0 to 7.5 (Fig. 4A,
inset) yielded a straight line (r 2  0.99) with an apparent
KH of 107 nmol/L (pK 6.97), arguing for the presence of
one extracellular site of interaction for H(/OH). To
assess the effects of pHi on the Na-dependent uptake
of MI, the pHi value was varied over the range 6.0 to
8.0, while the pHe value was fixed at 8.0 (Fig. 4B). In
BLMV, the initial rate of Na-dependent [3H]MI uptake
displayed a sigmoidal pattern of activation, as the pHi
decreased from 8.0 to 6.0. A Dixon plot of the data from
Fig. 2. Inhibition by phlorizin of the initial rate of Na-dependent pHi 6.5 to 8.0 (Fig. 4B, inset) yielded straight line (r 2 
[3H]MI uptake by BLMV and LMV. Vesicles were preincubated for 0.94) with an apparent KOH of 175 nmol/L (pK 7.24),two hours with a medium consisting of (in mmol/L) 50 mannitol, 3
consistent with the presence of one intracellular site ofEGTA, 100 potassium gluconate, 200 Tris-HEPES pH 7.0, in the pres-
ence of valinomycin (10 g/mg protein). [3H]MI (8 mol/L MI) uptake interaction for H(/OH). In LMV, selective variations
was then assayed at 9 seconds by diluting BLMV () or LMV () 1:6 in pHe had no effect on the Na-dependent [3H]MI ini-into a buffer consisting of (in mmol/L) 50 mannitol, 3 EGTA, 100
tial uptake (Fig. 4A) and selective variation in pHi exhib-sodium gluconate, and 200 Tris-HEPES pH 7.0, or 50 mannitol, 3
EGTA, 100 TMA gluconate, and 200 Tris-HEPES pH 7.0. Uptakes ited only a marginal effect on the Na-dependent [3H]MI
observed in the absence of Na were subtracted from uptakes measured initial uptake as pHi varied from 6.0 to 8.0 (Fig. 4B).in the presence of an inwardly-directed Na gradient to determine Na-
dependent uptake. Phlorizin was added to the transfer medium at 50, To confirm that the pH dependence of the Na-
100, 200, 400, 1000 and 2000 mol/L in BLMV, and at 50, 100, 400 and induced MI uptake in BLMV was not due to the trans-
2000 mol/L in LMV. Values are means 	 SE of 6 determinations for
membrane pH gradient, the effects of various pH valuestwo different BLMV and LMV preparations.
were tested in the absence of a pH gradient (Fig. 5A)
and in the presence of a fixed pH gradient of 1 pH
unit (Fig. 5B). The curves had a similar aspect in both
rate of [3H]MI uptake in the presence and absence of 3 situations, indicating that the effect of pH described ear-
mmol/L phlorizin, a concentration that completely inhib- lier was not due to the transmembrane pH gradient, but
ited the Na-dependent [3H]MI initial uptake (Fig. 2). rather to a specific effect of pH on Na-MI cotransporter.
When plotted against the increasing external MI concen- Taken together, these results suggest that the selective
tration, the phlorizin-sensitive MI uptakes showed a satu- increase in pHe or selective decrease in pHi activates the
rable transport process with Michaelis Menten kinetics basolateral Na-MI cotransporter in rat TAL.
in both BLMV and LMV. Eadie-Scatchard plots of these
Effects of MMI on the Na-dependent [3H]MI initialdata (Fig. 3, insets) were consistent with the participation
uptake in BLMV and LMVof a single transport system of MI, with similar Vmax
values of 5.84 and 5.94 pmol/mg protein/9 seconds, but In experiments illustrated in Figure 6, inhibition of the
different apparent Km values of 51 and 107 mol/L in BLMV and LMV Na-dependent MI uptake by 2-O,C-
BLMV and LMV, respectively (P 
 0.03). methylene-myo-inositol (MMI), an inhibitor of SMIT
[28], was tested. The Na-dependent [3H]MI uptake was
pH dependence of Na-dependent [3H]MI initial not sensitive to MMI in LMV, while in BLMV, 5 mmol/L
uptake in BLMV and LMV MMI inhibited the Na-dependent uptake of 8 mol/L
Since a study has established that the MI transporter MI to a similar degree (60%) as in MDCK cells [28].
SMIT expressed in Xenopus oocytes is markedly influ-
enced by external H [27], we sought the possible effects
DISCUSSIONof extra- and intravesicular pH on the initial rates of MI
uptake in BLMV and LMV. pH had no effect on [3H]MI The main findings of the present study are twofold:
(1) rat MTAL cells at both basolateral and luminal mem-uptake in the absence of Na, and thus only Na-depen-
dent [3H]MI uptake was present. branes express Na-MI cotransporter activities with
markedly different functional properties, indicating theExtra- and intravesicular pH values were controlled
by using high buffer concentrations (200 mmol/L Tris- presence of distinct transporters; and (2) the basolateral
Na-MI cotransporter exhibits a marked sigmoidal pHHEPES) to limit possible proton translocation. First, the
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Fig. 3. Effects of increasing myo-inositol concentra-
tions on the initial rate of [3H]MI uptake by BLMV
and LMV. Vesicles were preincubated for two hours
with a medium consisting of (in mmol/L) 50 mannitol,
3 EGTA, 100 potassium gluconate, and 200 Tris-
HEPES (pH 7.0), in the presence of valinomycin (10
g/mg protein). MI uptake at 9 seconds was then
assayed by diluting BLMV (A) or LMV (B) 1:6 into
buffer consisting of (in mmol/L) 50 mannitol, 3
EGTA, 100 sodium gluconate, and 200 Tris-HEPES
(pH 7.0), in the presence or absence of 3 mmol/L
phlorizin. Total [3H]myo-inositol uptakes measured
in the absence () and presence of phlorizin ()
were used to calculate the phlorizin-sensitive uptake
(). MI concentrations ranging from 0.75 to 93
mol/L were tested in triplicate for BLMV, and MI
concentrations ranging from 4.2 to 178 mol/L were
tested in duplicate for LMV. Values are means 	
SE of 6 to 19 determinations for 6 to 8 different
BLMV and LMV preparations. (Insets) Eadie-Scatch-
ard plots of phlorizin-sensitive [3H]MI uptake in
BLM and LMV.
Fig. 4. Effects of external and internal pH on the ini-
tial rate of Na-dependent [3H]MI uptake by BLMV
and LMV. BLMV () and LMV () were studied in
same conditions as described in the legend of Figure
2. (A) Vesicles were preincubated in pH 6.0 medium,
and then diluted in media of pH values from 6.0 to 8.0.
(Inset) Dixon plot of Na-dependent [3H]MI uptake by
BLMV as a function of extravesicular [H]. (B) Vesi-
cles were pre-incubated in media with pH values from
6.0 to 8.0, and diluted in pH 8.0 medium. (Inset) Dixon
plot of Na-dependent [3H]MI uptake by BLMV as a
function of intravesicular [OH]. Values are means 	
SE of 9 determinations for 3 different preparations.
Where the SE bar is not shown, it was smaller than
the symbols.
dependence, suggesting that pH may be a powerful mod- pathway in these membranes. Altogether, our results
suggest the presence of Na-MI cotransporters in bothulator of MI transport, in addition to external tonicity.
We observed secondary active MI transport activities BLM and LM in MTAL cells. In the MDCK cell line,
Na gradient-dependent MI transport also has been ob-in BLMV and LMV similar to those previously reported
for Na-MI cotransport activities [25, 29–32], including served across both basolateral and luminal membranes,
although the magnitude of MI uptake was far less across(1) an inward Na-gradient stimulated the initial MI
uptake; (2) the initial Na-dependent MI uptake was the luminal membrane [10]. Na-MI cotransporters pres-
ent in BLM and LM of MTAL cells exhibited markedlyinhibited by phlorizin at micromolar concentrations; and
(3) phlorizin-sensitive uptake of MI exhibited Michaelis different functional properties. The apparent Km MI
value was lower and the apparent Ki phlorizin valueMenten kinetics. Unlike in BLMV, the transient MI ac-
cumulation above the equilibrium value (overshoot) was higher for BLM transporter. Only the BLM transporter
was sensitive to 2-O,C-methylene-myo-inositol and ex-not observed into the LMV. However, the absence of
an overshoot in LMV might be explained by a rapid dis- hibited marked pH dependence. These different proper-
ties demonstrate the presence of distinct Na-MI co-sipation of the inward Na gradient by a Na conductive
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Fig. 5. Effects of pH on the initial rate of Na-depen-
dent [3H]MI uptake by BLMV in the absence of
a pH gradient. Vesicles were studied in the same
conditions as described in the legend of Figure 2. (A)
Vesicles were preincubated and diluted in media of
pH 6.0 to 8.0 (pHi  pHe). (B) Vesicles were preincu-
bated in media of pH 5.5 to 7.5 and diluted in media
of pH 6.5 to 8.5 (pHe  pHi  1). Values are means	
SE of 9 determinations for 3 different preparations.
Where the SE bar is not shown, it was smaller than
the symbols.
of Na-MI cotransporter than MMI in vitro, was shown
to cause glycosuria by inhibition of proximal Na-glucose
cotransporter but not by acute renal failure. One possible
explanation for the absence of acute renal failure follow-
ing administration of phlorizin may be that osmotic di-
uresis consecutive to glycosuria impairs the hypertonic
environment of the renal medulla.
Medullary TAL cells are known to accumulate consid-
erable amounts of compatible osmolytes in the hyper-
tonic environment. The respective roles of BLM and LM
Na-MI cotransporters in MTAL may be different and
complementary. Since the apparent osmotic water per-
meability of BLM in vivo is higher, due to its far greater
surface area [24], it is likely that the BLM Na-MI co-
transporter (which has a lower Km MI value) is involved
in the regulation of cell volume. The LM Na-MI co-
transporter may avoid the urinary loss of MI accumu-
lated in MTAL cells.
The marked pH dependence of the BLM Na-MI co-Fig. 6. Inhibition by 2-O,C-methylene-myo-inositol (MMI) of initial
transporter is of particular interest. First, the transporterrate of Na-dependent [3H]MI uptake by BLMV and LMV. BLMV
() and LMV () were studied in the same conditions as described in was maximally activated for pHe 7.5 and pHi 6.6, which
legend for Figure 2. MMI was added to the transfer medium at 0.2, 0.5, are the respective pH values reported for medullary in-1, 2 and 5 mmol/L in BLMV, and 0.2, 0.5, 2 and 5 mmol/L in LMV.
terstitium and MTAL cells under normal conditionsValues are means 	 SE of 9 determinations for 3 different BLMV and
LMV preparations. [18, 33]. Second, the Na-dependent uptake of MI exhib-
ited a sigmoidal pattern of activation when pHe was in-
creased from 6.0 to 8.0 at a constant pHi, and when pHi
was decreased from 8.0 to 6.0, at a constant pHe. Intransporters in BLM and LM of MTAL cells. Properties
Xenopus oocytes expressing SMIT, it has been shownof the basolateral Na-MI cotransporter, particularly the
that the MI-induced current displayed a sigmoidal pat-sensitivity to MMI and pHe dependence, are close to those
tern of activation when pHe was increased from 6.5 toreported for SMIT [27, 28] while the apical Na-MI
8.5, an effect attributed to an inhibitory effect of H oncotransporter appears to be distinct from SMIT. The MMI-
SMIT Na affinity [27]. This led us to propose that thesensitive basolateral cotransporter appears to be the vital
opposite effects of pHe and pHi on the BLMV MI co-one, since administration of MMI to rats causes necrosis
transporter may be explained by an effect of H on theof TAL cells, presumably by blocking MI-dependent cell
Na affinity of the Na-MI cotransporter; that is, Hvolume regulation in the hyperosmotic environment [5].
It should be noted that phlorizin, a more potent inhibitor inhibits the charge of Na on its binding site at the ex-
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ternal surface, and facilitates the discharge of Na at the possible importance of this finding in the intact animal,
as discussed earlier, remains to be confirmed. It wouldinternal membrane surface, as proposed previously by
Gmaj and Murer for the brush-border Na-Pi cotrans- be worthwhile to further investigate the relative effects
of pH and osmolality variations on MI uptake in culturedporter [34]. Consistently, MI transport is stimulated by
increasing pHe and by decreasing pHi. MTAL cells.
Previous data suggest that transepithelial NaCl ab-
Reprint requests to Franc¸oise Leviel, M.D., Institut Biome´dical des
sorption and intracellular pH of MTAL cells are indi- Cordeliers, 15 rue de l’Ecole de Me´decine, 75270 Paris Cedex 06, France.
E-mail: fleviel@hotmail.comrectly linked. NaCl and NH4 absorption by MTAL oc-
curs via the same apical transporter, Na/K(NH4 )/2Cl
cotransporter (BSC1), where NH4 competes with K APPENDIX
[18]. In the physiological presence of NH4 at the luminal
Abbreviations used in this article are: AE2, anion exchanger typeand peritubular sides of MTAL microperfused in vitro,
2; BLMV, basolateral membrane vesicles; BSC1, bumetanide-sensitive
apical NH4 entry via BSC1 acidifies cells from 7.2 to cotransporter type 1; LMV, luminal membrane vesicles; MCT2, mono-
carboxylate cotransporter type 2; MI, myo-inositol; MMI, 2-O,C-meth-6.5–6.6 [18], which is optimal for the basolateral Na-
ylene myo–inositol; MTAL, medullary thick ascending limb; NHE-3,MI cotransporter activity, as shown earlier in this study.
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